Introduction
Despite all progress in heterogeneous catalysis selectivity has become a major obstacle for techni cal applications of many new heterogeneous cata lysts. A first step towards substrate selectivity, the shape selectivity, was key to the success of the zeo lites as the most successful newer generation of heterogeneous catalysts. The shape selectivity in zeolites is achieved by a microporous channel sys tem with pore dimensions in the size of small molecules. The next step towards a selective mo lecular recognition would be, if pore shapes or cavities complementary to specific molecules of interest could be constructed. A promising route towards the construction of structure selective pores is the technique of molecular imprinting, where a selected imprint molecule is present dur ing solidification of the catalyst material. After removal of the imprint molecule a molecularly shaped cavity remains, whose three-dimensional shape should be complementary to the structure of the imprint molecule, principally capable of molecular recognition. There are two major areas, in which molecular imprinting has been reported: the imprinting in organic polymers [1] [2] [3] and in * Reprint requests to Prof. Dr. W. F. M aier. metal oxides [4] [5] [6] . While most imprinting is tar geted towards selective adsorption for separation applications, some contributions with selective catalysis have been reported.
Selective catalysis with imprinted silicas was started by Morihara et al. with a series of publi cations termed "Footprint catalysis". In analogy to the development of catalytic antibodies [7] , mo lecular imprinting with transition state analogues (TSA) embedded in swollen Kieselgel was used to generate cavaties capable of molecular recognition and selective catalysis [8, 9] , An alternative ap proach to the Kieselgel imprinting is the sol-gel polycocondensation of selected metal alkoxides. Here the imprint molecule is attached to a poly merizable monomer unit, the trialkoxy silyloxy group (T SA -O Si(O E t)3) and poly-coconden sation with tetraalkoxysilane under sol-gel con ditions leads to an amorphous solid with cova lently bound bound imprint molecules (see Scheme 1). During the sol-gel polycondensation several equivalents of alcohol are released, which, during the drying procedure, leave the emerging shrinking glass under formation of a microporous channel system [10] .
These pores have to be utilized in the final cata lyst as transport pores. Removal of the imprint molecule is achieved at temperatures around 250 °C after the formation of the microporous glass is completed. We have recently reported the first successful development of such a catalyst for the selective catalyzation of a transesterification reaction [11] . The imprinted silica catalyst showed a ninefold increase in selectivity for hexylester formation over the not imprinted 2-phenylethylester formation. No reaction was observed, when phenylacetic ester was substituted by naphthylacetic ester. Although Michaelis-Menten kinetics was obeyed, numerous control experiments were found necessary to confirm that the observed selectivity was caused by the imprinted cavity and not by accidental artifacts. The use of imprinted glasses with microporous transport channels faces several problems, which may result in selectivities not originated by the imprint. In order to observe catalytic selectivity due to the imprinted cavity, the catalytically active centers have to be in close proximity to the imprint and all reactants have to have facile access to the cavity. Especially the last condition is not trivial, since molecular transport through microchannels may become highly selec tive due to molecular size exclusion or transport selectivities caused by polarity effects of the pore walls or shape selection effects due to pore shape and size. In this investigation we present a case study, where selected control experiments prove that a high catalytic activity of an imprinted microporous silica cannot be associated with the imprints.
Results and Discussion
In this publication we describe the importance of control experiments for the evaluation of selec tive catalysis with imprinted metal oxide catalysts. In order to learn more about the applicability of imprint catalysis we looked for a reaction in which the already successful transesterification system could be turned into a selective intramolecular cyclization reaction. An attractive conversion has been published by Napper et al., where the stereo selective formation of a functionalized <3-lactone from the associated hydroxy ester was mediated by the catalytic antibody The antibody was raised against transition state analogue 5 and was re ported to accelerate the lactonisation reaction by a factor of 167 relative to the uncatalyzed con ditions [12] . An alternative approach to utilize the imprint silica A for selective catalysis is the formation of e-lactones. In our previous study we have shown that in the transesterification reaction the cavity does not differentiate effectively between hexanol and octanol, indicating that there is some toler ance in chain length in some or all of the cavities. Due to the seven-membered ring strain e-hydroxy esters do not form the lactone but tend to poly merize in homogeneous solution, e-lactones can only be made from e-hydroxy acids at very high dilution [14] . Direct formation of e-lactones from the hydroxy esters is therefore the disfavored re action and the development of a selective catalyst for this reaction is desirable. Hydroxy ester (11) was prepared from 2-acetylcyclopentanone according to the following Scheme 6.
Under homogeneous acidic conditions (p-toluene sulphonic acid) there was no detectable lac tone formation from the hydroxy ester, all starting material was converted into polyester (12). In the presence of imprint silica A at 140 °C in m-xylene under argon there was no polymer formation but exclusive e-lactone (13) formation was observed. Kinetic studies confirmed that the reaction is first order in A and 11. However, a relatively high cata lyst deactivation could be observed after only 200 min at 140 °C. Therefore, reaction modelling by Michaelis-Menten kinetics was not successful.
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This extremely promising result for selective im print catalysis had to be confirmed by proper con trol experiments. Silica C catalyzes the formation of the e-lactone with a selectivity of about 90%, only 10% of the product must be attributed to polyester formation. In this case no deactivation was observed, but again the reaction does not fol low Michaelis-Menten kinetics. Probably, C con tains internal and external Br0nsted centers. Within the micropore system of C Br0nsted cen ters may catalyze the cyclization to the e-lactone, while the external Br0nsted centers behave like a homogeneous acid catalyst. Therefore, a second control experiment was carried out with a HY-zeolite. In contrast to A, this material is crystalline, contains Br0nsted centers and well-defined cavi ties and pores not complementary to the imprint molecule. When HY-zeolite is not pretreated, no catalytic activity for our reaction could be de tected. It is well-known that the superacidic sites in zeolites are only generated by a proper pre treatment at high temperatures and therefore the HY-zeolite was heated to 550 °C prior to the experiment. Despite this activation, the HY-zeolite was less active than our imprinted silica by a factor of 20. However, lactone formation was selective, the reaction followed Michaelis-Menton kinetics, and during the time of the experiment the HY-zeolite showed no detectable deactivation. Apparently, the combination of Br0nsted acidity with micropores is sufficient to achieve lactone formation selectivity Still, the much higher ac tivity of the imprint silica for the e-lactone for mation may have been caused by the imprint itself. The imprint was therefore tested by another con trol experiment. Benzyl substitution on the methyl group a to the alcohol function in the e-hydroxy ester was expected to cause such a drastic increase in bulkiness close to the reaction center that the silica imprint should not be able to contribute to this reaction. The bulky hydroxy ester (15) was synthesized as shown in Scheme 8. 97 (m, 1 H), 2.15-2.31 (m, 1 H), 3.76 + 3.77  (q, 7 = 7.10 Hz, 6 H), 4.35-4.67 (m, 4H ), 5.40 (d,  7 = 13.16 Hz, 1H), 7.30-7.51 (m, 5H) 03 (m, 2H ), 7.34-7.42  (m, 2H ), 11.01 (bs, 1H). -13C NMR: (3 = 19.7,  31.33, 32.87, 33.15, 34.39, 120.73, 126.24, 148.17,  148.6, 171.53, 179. 
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Spectroscopic data for 9 c IR: 3000, 2800, 1750, 1710, 1360 c m -1. -lH NMR: < 3 = 1.3 + 1.34 (2s, 18H), 2.06-2.1 (m, 2H) 19.59, 30.24, 31.42, 32.9, 33.7, 33.76, 34.59, 123.1,  123.7. 124.07, 139.82, 146.63, 148.08, 171.54,179 .06. o f 1 a, b, c To a solution of 20 mmol of 9 a, b, c in 12 ml of abs. THF was added dropwise at -2 0 °C 20 ml of a 1-molar solution of borane in THF, whereby a hydrogen evolution could be observed. The mix ture was slowly heated to R.T. and stirred over night. At 0 °C 15 ml of water was added, then 6 g of K2C 0 3, and the mixture was extracted with diethylether. The combined organic phases were washed with a saturated aqueous solution of NaCl, dried over M gS04 and concentrated to give a pale yellow oil. In the case of 11a, the oil was purified by silylation, distillation and desilylation. In the other two cases the oil was chromatographed (ether/pentane). Yield: 89%, colorless viscous oils. 48-1.81 (m, 8 H) 
General procedure for the preparation

Conclusion
This study has shown that the activities and se lectivities of the imprinted silica A cannot be attri buted to imprints, since all qualitative results have been reproduced with suitable control materials without imprint. We have found that lactones can be formed selectively by microporous metal oxides with Br0nsted acidic sites. However, we cannot conclude that there are no imprints or that the imprints in silica A cannot be used for selective catalysis or selective adsorption. At this point we believe that we have simply not yet found the proper reaction conditions, in which the imprints in silica A can contribute significantly to the cata lytic process of interest. It may well be that the methyl group containing a seven-membered ring of 13 is too large to fit into the cavity formed by the unsubstituted six-membered ring of 8. The ob served poisoning of the catalyst may be due to ra pid sintering, but it may also be caused by too strong an interaction between the reaction product and the cavity or simple pore clogging by prod uct molecules.
Imprint catalysis, which relies on the interaction of microporous channels and pores, is prone to un usual adsorption, diffusion and shape selectivity effects, which may not be caused by imprint cavi ties, but by the dimensions of the transport chan nels. Confirmation of any observed selectivity or even activity by proper control and competition reactions appears essential to avoid any misinter pretation.
